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Introduction

47
The post-mobilisation of deposited iron, manganese and trace elements has been extensively studied in water during the first 50 minutes of the tidal inundation over sediments of the Tagus salt marsh (Rosário) 88 colonised by Spartina maritima and Sarcocornia fruticosa. On the basis of the registered concentrations it 89 was estimated the diffusive fluxes between sediments and overlying water during submerged periods. In 90 addition, it was calculated the amounts exported from the colonised sediments during the first 50 minutes 91 of tidal inundation. The magnitude of the two contributions to the water column is discussed.
93
Material and methods
95
Study area
96
The 340 km 2 of the Tagus estuary represent one of the largest transitional systems in Europe. Almost 40%
97
of the estuary is composed by inter-tidal mudflats and its southern and eastern shores contain extensive 
108
Rosário marsh by the semi-diurnal tidal flooding.
110
Sampling strategy
111
Sediment cores of 30-cm long were collected, as well as flooding water over the short period of tidal 112 inundation in the two sites of the Rosário salt marsh colonised by pure stands of S. fruticosa (high marsh)
113
and S. maritima (low marsh) and separated by less than 5 meters. Sampling took place in March 2008. At 114 low tide, four sediment cores were collected at each site, when sediment was exposed to the atmosphere,
115
and water retained in the main channel of the marsh was sampled by hand into acid pre-cleaned syringes.
116
One of the cores was sampled at each site to measure temperature, dissolved oxygen and salinity all 117 along its depth. When tidal water starts to flood each site, two additional sediment cores and flooding
118
water were collected at each time of inundation: 5, 10 and 50 minutes. Flooding water was sampled 1 cm 119 above the sediment surface directly into acid pre-cleaned syringes. All water samples were acidified with 120 suprapure HCl (pH < 2). The cores were sliced immediately after sampling in 5-cm layers, prepared 121 composite samples for each layer of the cores collected at each site, and material stored in acid 122 precleaned HDPE vials avoiding air presence inside. Sampling took place in less than three minutes. Core 123 material consisted of dense rooting sediments with no evidence of burrowing worms, crabs or bivalves.
124
The water and sediment samples were kept in refrigerated boxes and immediately transported to the 125 laboratory. A more detailed description of these sampling procedures can be found in previous works 126 (Caetano et al, 2007 
140
Methods
141
Dissolved oxygen was measured in sediment layers using a Diamond Electro-Tech needle electrode 142 following the method described in Brotas et al. (1990) . Temperature was measured with a Pt100 sensor.
143
The salinity of flooding and pore waters was measured using a conductivity electrode. 
where D0 represents the diffusion coefficient of a metal at a given temperature (calculated from Li and
198
Gregory, 1974).
199
Advective flux. As tidal water floods over inter-tidal sediments the pore water solutes tends to be exported.
200
The associated pressure difference and tidal water movement are the driven mechanism for this export. By 201 using the temporal variation of trace metals concentrations in the flooding water the advective transport (T)
202
to the water column are calculated using the following expression (Caetano et al., 2007) : 
215
were searched by Spearman rank correlations (p<0.05).
217 218
Results
220
The rooting sediments from the two sampling sites contained between 10.2 and 12.3% of Al, a proxy for 222 the preponderance fine grain particles (Windom et al, 1989 
247
Pore water characteristics of sediments under air-exposed conditions
248
Temperature of air-exposed sediments in the sampling period (early morning) ranged within a narrow 249 interval (14-15 ºC) and showed no substantial differences between higher and lower marsh, and with the 250 depth. 
283
Discussion
285
A noticeable remark of the present work is the consistent differences on of belowground biomass and Zn,
286
Cu, Pb and Cd concentrations in solid fine sediments, roots and pore waters between sites colonised by S. 
300
The iron-oxides plaque found on roots of plants in northern European and US marshes (Otte et al., 1989;  301 Mendelssohn et al., 1995; St-Cyr and Campbell, 1996; Cambrollé et al., 2008) increases the thickness in
302
Tagus marshes to form hollow cylinders around the roots (Vale et al., 1990) . The growth of these
303
structures results from the reaction between O2, which is delivered by roots during most time of the year,
304
and Fe (II) in pore waters that diffuses towards the roots (Sundby et al., 1998) 
357
respectively). In these calculations it was considered the value of porosity (φ) in equation (2) 
379
The increase of metal concentrations in overlying waters during the first minutes of tidal flooding is 380 coherent with the decrease on the pore waters and points to the escape of metals from pore water of salt 381 marsh sediments (figure 3). On the basis of these measurements one may calculate the advective 382 transport to the water column using the equation (4). Table 4 presents 
391
Although sediments of Rosário marsh consist of fine-grained sediments, the micro-channels formed by the 392 root mosaic have probably a major role on water and solutes circulation driven by the increase of pressure 393 on sediments as tide inundates the area. The amounts exported by this mechanism were higher in S. 20 -25 -30±4 * -p<0.1; ** -< 0.05; ˚ not significant 
